We present an analysis of hydrogen energetic neutral atoms (ENAs) measured by the ASPERA-3 instrument on board of Mars Express. We focus on ENAs that have no Martian origin. The energy spectra of these ENAs are all very similar and can be fitted well by a two-component power law. The fluxes, integrated from 0.2 keV to 10 keV, vary between 5·10 . We checked for possible sources for these ENAs, but we can rule out a planetary origin, a solar wind origin, contamination by UV from UV bright stars, and a contamination by high energy protons. With our present knowledge we conclude that the heliospheric termination shock is the most plausible source region.
INTRODUCTION
The imaging of energetic neutral atoms (ENAs) has become an established means of remote sensing plasma distributions in planetary and space science (Wurz 2000) . Recent examples include the study of Titan's exosphere (Mitchell et al. 2005) , the terrestrial ionosphere and interplanetary medium by LENA (Moore et al. 2003) , or the heliospheric ENAs by SOHO (Hilchenbach et al. 1998 ). An energetic neutral atom starts as an ion, which is accelerated by an electromagnetic field until it exchanges its charge with a neutral atom of the ambient gas. It retains its original energy but is not influenced by electromagnetic fields anymore.
It leaves the place of its birth on a ballistic trajectory and may reach regions far away from the original population of ions. Among many other applications, ENA imaging has been proposed (Gruntman et al. 2001; Fahr & Scherer 2004) and is planned to be used (McComas et al. 2004 ) to investigate the boundary of the heliosphere and the interstellar medium itself.
Heliospheric ENAs are predominantly hydrogen neutrals that have been produced on the far side of the termination shock in the inner heliosheath, where the solar wind has been slowed down to subsonic speed. There, ENAs are continually produced by charge exchange between interstellar neutrals and protons from the solar wind or from other ion populations.
These processes ought to result in a detectable flux of inward moving ENAs from the inner heliosheath (Gruntman et al. 2001; Fahr & Scherer 2004) . Imaging these ENAs and their energy spectra would reduce our considerable uncertainties about the termination shock, the heliosheath surrounding it, and in general about the interaction of the heliosphere with the local interstellar medium.
In this article we present and discuss energy spectra of ENAs measured by the ASPERA-3 instrument on board of the Mars Express spacecraft (Barabash et al. 2004 ). The neutral -5 -particle detectors of the ASPERA-3 instrument were originally conceived to image ENA fluxes from Mars. But a preliminary evaluation showed in some cases a signal of energetic neutral hydrogen although the NPD sensors were pointed away from Mars, which prompted further research on these particular events. It meant, quite uncommon for a Mars research experiment, that we sampled all data where Mars is well out of the NPD field-of-view. We will present all those ENA measurements with a non-planetary origin and discuss possible explanations. As we will see, a heliospheric origin of these ENA streams cannot be proved for sure, but it is the most plausible explanation.
INSTRUMENTATION
The ASPERA-3 instrument (Barabash et al. 2004 ) has been designed to study the interaction of the solar wind with the Martian atmosphere and to characterize the plasma and neutral gas environment in the vicinity of Mars. First results have been reported by Lundin et al. (2004) .
The ASPERA-3 instrument comprises four different sensors. The Ion Mass Analyser and the Electron Spectrometer to measure local ion and electron densities, respectively, and the Neutral Particle Detector (NPD) and the Neutral Particle Imager (NPI) to detect energetic neutral atoms. The results presented here are restricted to neutral particle measurements. Particular attention has been paid to those NPD data sets where the field-of-view of the sensors is directed away from Mars.
The Neutral Particle Detector consists of two identical sensors NPD1 and NPD2 that are sensitive to ENAs in the energy range of 0.1 to 10 keV using the time-of-flight technique.
Each sensor has one start and three stop surfaces that provide an angular resolution of roughly 30
• in azimuthal direction and 4
• in elevation direction, which is shown in Figure 1 .
-6 -The energy and the mass of an incident particle can be reconstructed from the time of flight between start and stop surface and from the pulse height of the stop signal. Principally, this design enables us to distinguish oxygen from hydrogen in the Martian exosphere.
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DATABASE
The database for the search for ENA fluxes without planetary origin comprises all data sampled in RAW and in TOF operation mode of NPD (Barabash et al. 2004 ) where a EDITOR: PLACE FIGURE 2 HERE.
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SPECTRUM RECONSTRUCTION
The NPD sensor accumulates time-of-flight information of incoming ENAs in steps of one second, but 10 minutes of integration time are generally required to obtain a TOF spectrum with reasonably small random fluctuations. This implies that we have discarded any short-scale time variations in our analysis. Figure 3 gives an example of a raw TOF spectrum (top panel), which has been converted into an energy spectrum (bottom panel).
The value of each TOF bin corresponds to the average count rate per second.
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To convert the uncalibrated TOF spectrum into an energy spectrum in units of cm we assume that all detected ENAs are hydrogen atoms between 0.1 and 10 keV and that all of the six different MCP detectors behave identical. Whereas the latter assumption is justified by laboratory calibration, the first assumption is only justified as long as we are dealing with non-planetary ENAs. The Martian exosphere by contrast is bound to produce oxygen ENAs in abundance as well. The TOF signature of helium ENAs would hardly be discernible from hydrogen, but in interplanetary space the flux intensity of helium ENAs of about 1 keV will be orders of magnitude lower. A possible contribution by helium ENAs to the signals is therefore disregarded in the present analysis.
First, we subtract the noise background (see Appendix for more information) caused by UV photons. If an ENA signal beyond the background is recognizable we apply a low-pass filter (Marshall & Verdun 1990 ) to eliminate any short period (shorter than 10 TOF bins) signal, including the harmonic noise caused by the sensor electronics (see e.g. Figure 3 ). We then invert the instrument response by searching for an optimal fit function, which, applied to -8 -the instrument response function, comes closest to the observed TOF spectrum using a least-squares method. Finally, to convert the count rates of the reconstructed time-of-flight spectrum into differential fluxes, the count rates have to be divided by the product of the energy-dependent detection efficiency, geometrical factor, and the corresponding energy range of the TOF bin.
We retrieve from the reconstruction only four parameters that have been fitted to the energy spectrum between 0.2 and 10 keV: the slope at low energies (a 1 ), the slope at high energies (b 1 ), the place of the roll-over (c), and the integral flux. In the subsequent discussion, the integral flux will be understood to cover the energy range from 0.2 keV to 10 keV unless specified otherwise. Although particles with energies between 0.1 and 0.2 keV are detected, we have chosen 0.2 keV as lower cut-off, because the efficiency for energies between 0.1 and 0.2 keV is not well known. Integrating over this energy range would result in highly uncertain flux estimates (see Appendix for further information). We find, within the range of uncertainty, that the vast majority of the resulting energy spectra can adequately be parameterized by a simple two-composite power law in the range between 0.2 and 10 keV, according to
(1)
OBSERVATIONS
The majority of TOF spectra in our database (a total of 205 spectra) of non-planetary ENA streams show only noise or they have an insufficient signal-to-noise ratio so that one cannot put any constraints on the reconstructed energy spectra. Our detection limit for ENA signals lies at ∼ 5 · 10 . In the subsequent discussion we shall first give an overview of all 205 measurements before concentrating on the occasions where an ENA -9 -signal is clearly visible. Figure 4 shows the integral fluxes as a function of observation date for all measurements from the database, including ill-defined spectra and measurements with no signal at all.
Obviously, there are long observation gaps. During cruise phase the sensor was switched on only on a few occasions. After Mars orbit insertion the sensor was directed to Mars for most measurements, since the primary goal of ASPERA-3 was to study the Martian can occur on time scales of months. It is difficult to tell temporal from spatial variations with our sparse data set. Generally, the pointing direction of the field-of-view also changes from one observation opportunity to the next. Beside the long observation gaps, the spatial distribution of the observations is not favorable either. Virtually all useful data were measured when the field-of-view of NPD was close to the ecliptic plane. After all, ASPERA-3 was designed as a Mars exploration experiment. It was not set up to search for non-planetary ENA signals.
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In short, the integral fluxes show big variations, but these are either stochastic or on time scales shorter than we can resolve with the few useful datasets.
5.1. The Typical ENA Spectrum Figure 5 shows a typical example of an energy spectrum, reconstructed from NPD2 data measured on 2003 July 10 during the cruise phase. The signal is not of planetary origin -10 -since all planets are too far away and outside the field-of-view. It is a typical example insofar that from the 66 measurements having a sufficiently high signal-to-noise ratio 51 result in energy spectra that are appropriately characterized by a two-composite power law with a moderate decrease at low energies, a roll-over somewhere close to 0.8 keV, and a steeper decrease at higher energies.
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If one displays the parameter for the roll-over of all available 66 spectra on one single plot one recognizes that a few data points lie far away from the typical value found in the early measurements during cruise phase. Figure 6 shows the position of the roll-over, which is the best-defined parameter in the analysis. It can reasonably be defined even for the few cases where the energy spectrum does not follow a two-composite power law but shows one single peak.
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Outliers Or Martian Contamination?
Looking at Figure 6 we find that the data obtained during cruise phase show a consistent result. Afterwards the variation of the spectral parameters increases significantly. This may indicate an instrumental degradation, but it is more likely that Mars acts as a source of contamination once Mars Express is in orbit, although all data sets where Mars gets near to the field-of-view have been excluded from our analysis.
From the 66 data sets displayed in Figure 6 we selected 51 spectra, which are displayed in signal. However, the corresponding energy distribution of these fluxes does not fit to the typical spectrum (see Figure 5 for reference). It shows a peak between 1 and 1.3 keV which is similar to spectra obtained from Mars limb observation (see Figure 8) . Therefore, these measurements are excluded from further discussion. Another reason to disregard these 8 events is the fact that all of them are measured with the field-of-view co-aligned to the Parker angle of the interplanetary magnetic field. A solar wind induced signal is therefore plausible for this sub dataset, contrary to the majority of non-planetary signals discussed in Section 5.3.
Statistics of Non-Planetary ENA Signals
In the following discussion we shall exclude the eight events in 2005 from the evaluation, as well as the other few events with a spectral shape that cannot be characterized by a two-composite power law and a poor signal-to-noise ratio. This leaves us with 51 spectra that seem to belong to one single spectrum class. The spectral parameters of the remaining data sets are shown in Figure 7 , together with the median values. The spectrum shape is described by
for E < 0.77 keV,
whereby the statistical 1σ error bars of the average values for the data in Figure 7 range between -2.1 < a 1 < -1.1, 0.55 keV < c < 1.0 keV, -3.9 < b 1 < -2.7, and a 1 , b 1 ,and c are defined in Equation 1.
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DISCUSSION
Let us shortly discuss possible explanations for the ENA signal presented in the previous section. Some explanations can be ruled out, upon others we may never be able to reach a definitive conclusion with the available database.
Comparison to Martian ENA Spectra
There is a general difference between the typical non-planetary spectrum shown in Figure   5 and signals of Martian ENAs. The latter often show energy spectra with a distinct peak or a roll-over at high energies well above 1 keV, whereas the well-defined spectra of non-planetary ENA events share a roll-over between 0.7 to 0.9 keV. We find that the integral fluxes of ENAs produced by interactions with the Mars atmosphere may reach several 10
, which is an order of magnitude higher than the highest flux measured in the case of non-planetary ENA signals (see Figure 4 ). • has been excluded from our study in the first place. In the case of Figure 8 , the energy spectrum with a distinct peak at 1 keV hints to solar wind protons that have been neutralized in the Martian atmosphere (Futaana et al. 2005) . Such a signal can be easily told from non-planetary spectra as listed in Figure 7 . It has, however, a certain similarity to the ENA signals in 2005 with an untypical high roll-over (see Section 5.2), which after all might reflect a Martian contamination as well.
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UV Sensitivity
Stars produce high fluxes of UV-photons which might -by interaction with the start and stop surfaces of the NPD detector -give us a mock signal. The Sun is in all measurements outside the field-of-view but we needed to check if single stars or the galaxy as a whole could be the source of the unexplained neutral streams.
This question is answered by the measurement on 2003 July 13. By a stroke of luck α Cen, the closest star to our Sun, wandered across the field-of-view of the NPD1 detector. Figure   9 shows the field-of-view and the position of the brightest stars at two different times during the observation period, below are the registered count rates and the average TOF spectra.
As a matter of fact, UV photons cause the noise floor in the TOF spectra and passing nearby stars raise this floor by factors 4. . .5, but they do not produce a peak in the TOF spectrum that could be mistaken for an ENA signal.
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In summary, not one of the 51 events mentioned in Section 5.3 can be related to a nearby star. Stellar UV-light does not produce a TOF spectrum that could be mistaken with signals such as shown in Figure 5 . The global spatial pattern of the integral fluxes (see Figure 12 in Section 6.4) is not consistent with nearby stars or the galactic center as source regions of the signals.
Suprathermal Ions And Parker Angle
There is -besides the anomalous energy spectrum -another reason to separate the eight . Moreover, Figure 11 shows that neither the TOF nor the energy spectrum of the backscattered ions gets close to the typical non-planetary ENA signal (compare to Figure 5 , for example).
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A Spatial Pattern
There Figure 12 ). This is true whether we restrict the analysis to the well-defined 51 spectra or if we include all 205 measurements. . Until now, the process that produces the ENA signals reported by Hilchenbach et al. (1998) is not identified with certainty. The spatial and temporal resolution makes it hard to decide between a local, interplanetary (Kota et al.
- 16 -2001) or a remote, heliospheric origin of the ENAs (Czechowski et al. 2001 (Czechowski et al. , 2005 .
CONCLUSION
We have detected signals of energetic neutral hydrogen over a time range of 10 months.
For the statistical evaluation we have accounted for all data sets where Mars is well out of the field of view, be there a recognizable signal or not. 51 of the 66 energy spectra with a favorable signal-to-noise ratio fit into one single spectrum class
for E < 0.77 keV, Based on our present analysis our conjecture is that we are observing energetic neutral particles that were produced in the area of the heliospheric termination shock. The typical integral flux of several 10
is about an order of magnitude higher than fluxes derived from theoretical models (Fahr & Scherer 2004; Gruntman et al. 2001) , but is consistent with ENA measurements done by HSTOF on SOHO (Czechowski et al. 2005 ).
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The main objection to the heliospheric explanation is the temporal variation of the integral fluxes for the same region (check the upper panel in Figure 12 ). Generally, the distance to the source region of the ENA signal could be estimated if we could determine the timescale of flux variations. A heliospheric origin of the observed ENAs requires this timescale to be longer than a few months, since an ENA of energy 0.3 keV takes about 2 years to travel the distance of 100 AU from the termination shock to the inner solar system, whereas a 2 keV ENA takes only 9 months. Therefore, even an ENA event that is a short pulse at the termination shock will be spread out in time during its propagation to the detector over many months. If the signal is found to vary over a timescale of one month or less, the ENA signal has to originate from a localized source within a few AU distance, and processes in the local solar wind, such as CIRs, would be needed to explain our observations.
Unfortunately, there are only two occasions where we observe the same direction more than once within one month. The first one are the dozen measurements between 320
• and 335
• ecliptic longitude in Figure The temporal variability seems easier to be reconciled with a localized solar wind origin, but there are at least two objections against this explanation. First, a solar wind source is inconsistent with the observed direction of origin (see Figure 12 ). Even if there are energetic protons produced in the vicinity of the NPD detector, for instance due to CIRs, they still need neutral hydrogen atoms to charge exchange in order to be detected as ENAs. Since the interplanetary hydrogen density is higher towards the apex direction of the heliosphere, a localized ENA source would not preferentially be observed from downwind direction.
Second, the ENA signal is at least 3 orders of magnitude higher than one would expect if it were caused by protons that have been accelerated in a nearby CIR. The differential flux of
ENAs at 1 keV energy that can be locally produced calculates to
where j P is the differential flux intensity of 1 keV protons in units of cm is the interplanetary hydrogen particle density, and the integral is a line-of-sight integral taken over a typical length scale. For a local source in the inner solar system we set LOS dl = 1 AU. Equation 4 then yields as a rough estimate for the required proton flux:
Since we typically observe at 1 keV j EN A = 10 at 1 keV. This is three orders of magnitude too low.
We have checked that an instrumental effect, such as high energy protons scattering on the start surface, cannot explain the measurements. The Sun always is outside the field-of-view, and the observed ENA signal shows no correlation with the Parker angle of the solar wind.
We also have shown that the signal is not caused by UV-photons, the geographical pattern of the signals does not correlate with bright nearby stars or with the galactic center.
It is unclear if ASPERA-3 will sample many more datasets that can be used for the study presented here, since most of the well-defined spectra have been sampled in 2003 during the cruise phase. For the oncoming Venus Express mission it would be favorable to sample more data during the cruise phase and to cover the entire sky. Further insight into ENAs of non-planetary origin will hopefully be provided by NASA's IBEX mission (McComas et al. 2004) .
A. APPENDIX
The estimate of the noise level has a big influence on the resulting energy spectrum. We have verified with numerical simulations of the instrument response that UV photons are the prime source of background in the TOF spectra. The UV photons originate from -20 -resonant backscattering in interplanetary hydrogen (Ly-α emission lines account for 600 Ra) and helium (only 7 Ra), bright nearby stars and the galactic disk increase the UV flux to several 1000 Ra.
The count rates registered in the higher TOF bins from 100 to 256 can be understood as result of a start and a stop signal of two different, uncorrelated photons that have been registered by the sensor almost simultaneously. We also know from calibration that the counter surfaces are insensitive to ENAs below 0.1 keV. Therefore, we use a linear noise model whose parameters are fitted to the count rates in the highest TOF bins from 200 to 256. After subtracting the background, all the bins that correspond to energies below 0.1 keV will be excluded from the analysis, as will be the lowest few TOF bins.
The range of uncertainty is calculated for each bin through the entire reconstruction analysis. The prime sources of error are the counting statistics themselves, the uncertainty in estimating the UV background and the poorly known detection efficiency for atoms at energies below 0.3 keV. Figure 13 gives an extreme example but also illustrates the solution: Since the error bars for a single energy bin are large it is intuitive to characterize the reconstructed energy spectrum by only a few parameters, which are much better constrained than the values of a single energy bin. The relative uncertainty on the derived parameters amounts to roughly 10% only, which is also shown in Figure 13 . Below 0.3 keV the uncertainty of the NPD detection efficiency becomes troublesome, whereas at high energies poor counting statistics is the prime source of uncertainty. The effect of these errors is comparable to the intrinsic energy resolution limit (FWHM criterion applied to the resulting peak for a monoenergetic beam) ∆E/E ≈ 0.3 between 0.3 and 1 keV.
Thus, instead of 256 different energy bin values, each of them with considerable uncertainty, we retrieve from the reconstruction only the four parameters mentioned in Section 4.
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-24 - -27 - -28 - -Median values of roll-over (top), low energy slope (middle), and of high energy slope (bottom) for all spectra that can be appropriately characterized by a two-composite power law. show the ENAs detected from direction NPD1 0 during the observation period of 8 minutes.
As the edge of the NPD1 field-of-view is near the Mars limb a distinct peak in the TOF spectrum is detected. The resulting spectrum is typical for solar wind protons that have been neutralized in the upper parts of the Martian atmosphere (see Futaana et al. (2005) for further information). It is not typical for the 51 ENA events plotted in Figure 7 .
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